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Abstract 
The experience in operation of electrical equipment has shown that partial discharges shorten the life insulation 
systems. Therefore, the partial discharge can become the cause of serious economic losses by requiring repairs 
and early changes in electrical equipment, efficiency loss and safety in the operation of communication systems and 
disruption of service delivery energy. On the other hand, the partial discharges phenomenon also serves as a 
characterization parameter for incipient faults in electrical equipment. That is the reason why the study of 
this phenomenon is of great importance. This document presents the proposal of a partial discharges simulation 
model, aiming at the visualization and understanding of the phenomenon, with comparative results with respect to 
type of failure in a laboratory installation of underground cables, besides the partial discharge study as a tool in the 
characterization of faults in underground cables.  
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Organizing 
Committee of the ENIINVIE-2012.  
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1. Introduction 
A partial discharge (PD) is an electrical discharge that bridges the insulation between conductors in a 
partial way. From a practical standpoint, when there is a PD, a sudden change occurs in the electric field, 
resulting in a current flowing in the conductor that causes a material deterioration [1]. 
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On the other hand, the underground cable fault location is a largely dominated topic, as there are tools 
and equipment needed to carry out this activity. The global trend focuses on the prospective analysis of 
the behavior and operation of the facility in order to avoid catastrophic failures, such as underground 
cable installation in downtown Mexico City. The application of diagnostic techniques based mainly on PD 
measurement and testing at reduced voltage and low frequency, combined with analytical studies of 
specimens in pre and post failure by using X-ray microscopy and 3D digital techniques, will provide 
enough information to anticipate potential failures [2]. 
PD are measured mainly through electrical methods. Among electrical methods are: noise detection 
and light detection. Measuring methods for PD can be classified as non-intrusive and intrusive. Non-
intrusive electrical methods have the major advantage of detection in normal operating conditions. 
Electrical methods for PD detection are based on the appearance of a pulse at the terminals of the test 
object. The quantities associated with a PD pulse is simulated by the test object capacitor arrangement 
shown in Fig. 1, this arrangement consists of solid or liquid dielectric material between two electrodes or 
terminals A and B, and a gas cavity[2][3]. 
Fig. 1. Electric model of PD. (a) Circuit diagram of an insulation system with a cavity;  (b) Equivalent electrical circuit. 
This cavity will become the source of a PD if the applied voltage increases. For an increase in the 
voltage, the first discharge will appear on the crest or on the rising half-cycle that is a gas discharge 
creating electrons, positive and negative ions, which are brought to the surface of the cavity, forming 
dipoles or additional polarization in the dielectric cavity. This effect reduces the cavity dielectric strength 
significantly. In the model, this effect is caused by the capacitance Cc in the cavity for discharge. If the 
voltage has a variation in the negative cycle, new field lines are created and the discharge phenomena are 
repeated in each cycle. If a voltage is applied only during the positive half-cycle, there will be one or more 
PD. If the voltage is kept constant, the discharge will stop while the surface charges deposited on the walls 
of the cavity does not recombine or fade in the dielectric that surrounds them [4]. 
2. PD Simulation. 
Great variety of circuits to detect and measure the level of partial discharge exists. This work analyses 
the circuit shown in Fig. 2, which consists of a rectangular wave generator Uo in series with a capacitor 
Co, a capacitance Ca of the sample under test, and a coupling capacitance Ck. Capacitances Cb and Cc 
correspond to the capacitance provided by the isolation. The characteristics of capacitance parameters are 
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about 1000 pF for the isolation of a length of 3 meters of healthy insulation of the underground power 
cable. In the insulation with failure the typical capacitance is about 62 pF in the imperfection zone. The 
coupling capacitances are greater than the imperfection capacitance, so we select a value of 1000 pF for 
Co and Ck [3] [4]. 
Fig. 2. PD simulator. 
The simulation model was implemented with Isis software for 3th, 5th and 7th harmonics, each one 
with magnitudes of 0.3 V. Fig. 3 shows the implemented circuit and results, for each harmonic 
selected[5].
Fig. 3. (a) Circuit used to generate different frequencies discharges; (b) Generated Signals (2ms, 0.1V per division). 
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The generated signals represent PD in a 60 Hz signal. That is the reason why it was used a 60 Hz 
sinusoidal signal as a carrier signal (Fig. 4). 
Fig. 4. Input sine signal (5ms, 0.5V per division).
Fig. 5 shows the complete simulation circuit, which consists of an arrangement with an operational 
amplifier in an inverting adder. The signal of our simulator of PD, which is composed of circuits shown in 
Fig. 3 (a), is added to a sinusoidal signal with frequency of 60 Hz and magnitude of 1V. 
Fig. 5. Complete Circuit.  
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The simulation of the PD results is obtained as the signal shown in Fig. 6, obtained from the 
combination of the signals of fig. 3 and fig. 4 
Fig. 6. PD signal (5 ms, 0.2 V per division). 
3. Laboratory Implementation. 
In order to validate the PD simulation a circuit test was implemented in laboratory. The test scheme 
used is show in Fig..7. 
Fig. 7. Test circuit Schematic .  
This circuit has 21 kV voltage transformer, inducing a current of 60A with current transformer placed 
in the test circuit. In order to simulate a failure point, one of the terminals of the circuit is improperly 
placed, as shown in Fig. 8. The other terminal was placed correctly in order to take the signal from a 
terminal without fail as a comparison. 
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Fig. 8. Damaged terminal. 
4. Results 
A Rogowski coils were used as non intrusive sensors for acquisition signals and an oscilloscope Fluke 
190-062 was used as the measuring system. In Fig. 9 the results are shown. Showing imperfections 
waveforms in the signal due to the PD onset, contrary to the other signal acquired from the terminal 
without fails. 
Fig. 9. (a) Damaged terminal signal; (b) Terminal without damaged signal. 
Applying the Fourier transform to the signals shown in Fig. 9, and comparing results, can be observed an 
increase in 3rd, 5th, and 7th harmonics (Fig. 10). 
Fig. 10. (a) Fourier transforms results, (b) Enlargement of the area increase. (The damaged terminal signal is represented by points 
and the terminal without damage signal is represented by x.) 
Failure point 
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The increase in the frequency components of 180, 300 and 420 Hz gives us an idea that the discharge 
onset can be present at these frequencies. The increment values are at table 1. In Fig. 11 can be found the 
simulation results of the PD with the simulator proposed in this paper.  
Table 1.  Harmonic increasing.  
Harmonic (Hz) Increasing (%) 
180 4.553 
300 7.406 
420 2.28 
Fig. 11. PD signal simulation of (2ms, 0.2V per division). 
With the results obtained from simulation and laboratory tests, and laboratory tests, it is possible to 
make objective comparison between measuring and simulation results (Fig. 12). 
Fig. 12. Simulation and test results.   
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In Fig. 12 several differences between results and the proposed model for PD simulator can be 
observed. These are due to the ideal circuit used to simulate the discharge into a cavity and in addition that 
the signal failure in the damaged terminal is not in continuous discharges. 
5. Conclusion 
With the proposed model is possible to obtain an estimate of the PDs effect in the system signals, 
thereby obtaining a better understanding of the PD phenomenon, and a characterization tool. The 
differences found can be attributed to the ideal circuit used for simulation. Better measurement of cable 
parameters allow to improve the simulation process and results. 
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